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Fig. 1 Spatial correlation network of haze pollution
(1) AQl in Beijing-Tianjin-Hebei region
AQI 0.65
AQI 0.70
AQI AQI
1 o AQI
Tab.1 Network characteristics of spatial pollution 0.67 AQI
of haze pollution AQI
AQI 0.7500 0.6893 0.6786 0.6944 0.7364 0.6543 ( 2)
PM 0.7436 0.7137 0.7262 0.7500 0.7545 0.703 1
2 co 0, 0.50
PM,, 0.7372 0.6823 0.7048 0.6667 0.6909 0.6390 0.50
S0, 0.8590 0.6417 0.5000 0.5000 0.6727 0.5995
CO 0.8333 0.5987 0.4476 0.5417 0.5273 0.603 0 R PM2 s PMIO
NO, 0.7564 0.7073 0.6857 0.6528 0.8000 0.7433
05 0.7564 0.6092 0.4405 0.5833 0.6455 0.544 4 PM2_5
PM,, o
AQI 0.0152 0.0646 0.0526 0.0000 0.0000 0.0835
PM, 5 0.0303 0.0585 0.0421 0.0000 0.0222 0.0676
PM;, 0.0152 0.0659 0.0263 0.0357 0.0444 0.090 0 ( 3) AQI
S0, 0.0000 0.0866 0.2105 0.2857 0.1111 0.1539
Cco 0.0152 0.0720 0.3211 0.1786 0.2444 0.139 1
NO, 0.0152 0.0293 0.0789 0.1071 0.0222 0.047 3
05 0.0455 0.1585 0.3211 0.1786 0.1778 0.270 8 .
AQI 1.2500 1.3110 1.3500 1.4030 1.3180 1.3490 °
PM,s 1.2950 1.2860 1.2740 1.2500 1.2450 1.2990
PM,, 1.2690 1.3210 1.3000 1.2500 1.2400 1.3620
“
S0, 1.1410 1.3650 1.5190 1.5970 1.3450 1.4010 N ’
Cco 1.1670 1.4050 1.6790 1.5140 1.6180 1.3970
NO, 1.2440 1.2930 1.3140 1.3470 1.2000 1.2570
05 1.2440 1.3980 1.5650 1.4060 1.3000 1.4680
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AQI  PM,,.PM,,
Moran’ s 1 N
0, 10%
( ). ( . S0, .CO.NO,
2 QAP
Tab.2 QAP regression results of spatial correlation of haze pollution
Intercept -0.037 3 0.020 5 -0.019 6 -0.025 8 -0.039 1 -0.013 3
PM, 5 0.651 37 0.665 07 0.542 07 0.701 2% 0.670 8 0.647 7%
PM;, 0.211 57 0.215 87 0.320 37 0.103 5 0.204 87 0.286 27
S0, 0.030 4 0.0120 0.044 9" 0.030 2 0.085 3™ 0.008 1
CO 0.149 07 0.069 77 0.016 2 0.063 1 -0.014 0 0.018 6™
NO, -0.048 7 0.018 1 0.0117 0.042 6 0.0517 0.007 4
0, 0.044 4 -0.0252 0.093 37 0.082 6 0.056 4 0.014 4™
AdjR? 0.764 07 0.669 07 0.676 07 0.645 07 0.703 07 0.721 0%
Obs. 156 1722 420 72 110 9120
N 10% 5% 1% .
3 Moran’ s 1
Tab.3 Bivariate Moran’ s I between haze pollution and its influence factors
AQI PM, 5 PM,, S0, Cco NO, 0,
.078 6™ 0.065 17 0.080 6™ 0.081 7% 0.010 2 0.050 0" 0.057 2"
269 8% 0.258 07 0.273 77 0.178 6™ 0.126 17 0.162 8 -0.057 7*
0.340 47 0.315 6™ 0.359 47 0.324 47 0.289 97 0.228 87 0.030 9
0.050 2" 0.0350 0.045 2" 0.049 1" -0.043 8" 0.042 7" 0.121 6™
0.121 8™ 0.109 8% 0.129 37 0.126 8 0.068 97 0.060 6™ -0.0105
0.273 17 0.253 2% 0.267 87 0.212 87 0.096 3% 0.166 57 0.036 6
0.398 37 0.367 17 0.395 17 0.382 87 0.257 57 0.284 9% 0.098 27
0.243 97 0.229 3% 0.260 07 0.206 0 0.212 6% 0.148 17 -0.085 5%

10% 5% 1%
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Dynamic correlation and causes of urban haze pollution

LIU Hua5un' SUN Ya-nan® CHEN Ming-hua'
(1. School of Economics Shandong University of Finance and Economics Jinan Shandong 250014 China;

2. School of Business Administration Shandong University of Finance and Economics Jinan Shandong 250014  China)

Abstract Facing severe challenge of regional haze pollution and its boundary expansion it is imperative to form interregional pollution
governance force through the innovation of joint prevention and control system. Based on 96 cities’ daily data of air quality index
( AQI) and six sub—pollutants such as PM, ; PM,, SO, CO NO, O, of Beijing-Tianjin-Hehei region the Yangtze River Delta
Pearl River Delta Chengdu-Chongging region and the middle reaches of Yangtze River the article identified dynamic interaction
effects among urban pollution with the VAR framework from the perspective of forecast capability of time series and revealed the network
structure characteristic of spatial correlation of haze pollution by the method of Social Network Analysis ( SNA) . Meanwhile the article
used quadratic assignment program to reveal the key incentives of spatial correlation of haze pollution within sub-pollutants and
exploited bivariate Moran index to describe spatial correlation between haze pollution and its influential factors. The main results were
as follows: AQI and six sub-pollutants among cities all had multithreading and dynamic correlation which presentsed complex network
characteristic with close linkage and strong stability. Meanwhile the spatial correlation network of urban haze pollution had a significant
small-world characteristic. There is no isolated urban node both within the region and in the entire sample cities faced with haze
pollution spatial correlation network which means that no city could be immune to haze pollution and would be all influenced by other
cities that are built the spatial correlation network from inside and outside the region. In the six sub-pollutants the spatial correlation of
PM, 5 was the main cause of urban spatial correlation of haze pollution. Urban haze pollution and its influence factors especially the
urban population density investment intensity industrial pollution emissions had a significant spatial correlation. Based on the above
conclusion China should accelerate to build a cross—regional air pollution joint prevention and control system with emphasis on the
prevention and control of PM, ;. And the collaborative system should be integrated into the urban agglomeration development strategy
and regional development strategy to realize a full range of regional collaborative development.

Key words haze pollution; dynamic correlation; network analysis; collaborative governance
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